The Morphology, Morphogenesis, and Serological Characterization of the Rhabdoviruses Navarro, Kwatta, and Mossuril (Accepted 27 July I973) SUMMARY Examination of Navarro, Kwatta, and Mossuril viruses by electron microscopy revealed typical rhabdovirus morphology. They are longer than most other rhabdoviruses. All three viruses were observed in sections of infected mouse brain while Navarro and Kwatta viruses were also observed in infected Vero cells. The three viruses were unrelated antigenically to each other and to other rhabdoviruses of animals.
Navarro virus was isolated from the spleen of a vulture (Cathartes aura) in Call, Colombia (Sanmartin, I97i) I962) . None of these viruses has been implicated in diseases of man or animals. We describe the morphology of these three viruses and their antigenic distinction from other rhabdoviruses of animals.
Mossuril virus (SA Ar I995) was obtained at 9th passage in the brains of infant mice, Navarro virus (Call 874) at ~oth passage and Kwatta virus, (Tr 586o3) at 7th passage. Mice at 2 days old were inoculated intracerebrally with virus suspension containing approx. Io ~ to io 3 mouse LDs0. Brains were harvested for electron microscopy when the animals were moribund at 3 days after infection. The identity of each virus was verified by the reactions in the complement-fixation test of reference immune ascitic fluids with brain suspensions prepared from infected litter-mates. Complement-fixation tests were conducted by the grid titration method in a micro-system employing two exact units of complement and an overnight fixation at 4 °C.
Vero cell cultures prepared in 3 oz bottles were infected with Kwatta or Navarro virus at an input multiplicity of approx, o-oI p.f.u./cell after 2 or 3 serial passages in Vero cells. The cells were harvested by scraping off the glass when cytopathic changes were prominent (after 6 days of infection with Kwatta virus or IO days with Navarro virus), and pelleted by centrifuging at 4 °C for 15 min at 1500 rev/min.
The cell pellets and the infected mouse brain tissue, cut in I mm 8 pieces, were fixed in 2"5 % glutaraldehyde contained in a 0-2 M-sucrose, o-I M-phosphate buffer solution for I h. After washing three times at I h intervals with phosphate buffer solution containing o.2 M-sucrose, the samples were fixed for 30 min in 1% osmium tetraoxide. They were washed again in phosphate buffer solution, dehydrated through an alcohol series and propylene oxide and embedded in Epon-Araldite (Mollenhauer, I964) . The blocks were sectioned and stained with uranyl acetate and lead citrate. Micrographs were taken in a Phillips EM-2oo electron microscope at magnifications of approx. 20000 and 36o00.
Electron microscopic examination of Navarro virus-infected mouse brain revealed prominent cytoplasmic matrices. The unbounded virus matrix was moderately electrondense, mostly granular and occasionally smooth-textured. Virus particles were usually found in close proximity to the matrix in cytoplasmic vesicles bounded by endoplasmic reticulum. Infected neurons showed a marked increase in endoplasmic reticulum, dis-28-4 Fig. I . Cytoplasmic portion of a mouse neuron infected with Navarro virus. Bullet-shaped Navarro virus particles are cut longitudinally and a crystalline array is shown in cross-section. Fig. 2 . Cross-section of Navarro virus particles showing the three different structural areas: (a) a trilaminar membrane with electron-lucent centre which forms the outer layer of the particle, (b) an electron-dense ring bounded by a very dense inner edge and (c) a relatively lucent core with a moderately dense centre. Fig. 3 . Cross-section of a Navarro virus particle within a vacuole showing fairly regularly spaced projections (arrows). Fig. 4 . Kwatta virus-infected mouse brain. Two virus particles contained within a cytoplasmic vacuole. The particle in cross-section is similar morphologically to Navarro virus. However, the Kwatta virus projections are more numerous and irregular in shape (arrow). A longitudinal section of the other virus particle budding into the vacuole shows distinct striations. integrated cytoplasm and vacuolization. Particles were often seen lying side by side in clusters, and in crystalline array (Fig. t) . Less frequently, they were observed p r o t r u d i n g into interstitial s p a c e s from the cell membrane. The particles ranged from 2o7 to 3t5 nm in length and 46 to 55 n m in diam., not counting projections.
A cross section of two virus particles (Fig. 2) showed three distinct structural areas: (a) an outer ring, 6 n m wide, was a trilaminar m e m b r a n e which could also be seen enclosing the virus sectioned longitudinally, (b) an electron-dense ring b o u n d e d by a very dense inner edge, approx. Io nm in width, and (c) a lucent core 2o to 25 n m in diam., with an irregular and moderately dense centre. Outside projections, io n m in length, were evident (Fig. 3) . The periodicity of the striations of N a v a r r o virus was approx. 7 nm.
Cytoplasmic inclusions in K w a t t a virus-infected brain cells were observed infrequently and were ill-defined. Particles were observed budding from the cell m e m b r a n e as well as enclosed in cytoplasmic vacuoles (Fig. 4) . Virus particles, exclusive of projections, were 40 to 45 n m wide and 230 to 28o n m long. Ill-defined projections a r o u n d the virus particles Peters, Muller & Slenczka (1971) t Mean measurements obtained from negative contrast preparations. :~ Two significant groups of particles were measured. The classification of this agent as a rhabdovirus has been questioned (Howatson I97O, Murphy et al. 197I) .
were approx. I onm long. Kwatta virus in cross-section also presented a complex morphology composed of three different structural areas. The core was 20 to 25 nm in diam. with a poorly defined dense centre. The prominent striations of Kwatta virus had a periodicity of 6 nm.
Particles of Kwatta and Navarro virus in Vero cells were similar in size and morphology to those in brain tissue. Kwatta virus particles were observed in grossly distended cisternae of the endoplasmic reticulum which was lined with ribosomes. The distended cisternae were most often in intimate association with mitochondria and were often located close to the nucleus. In several instances the cisternae appeared to be an out-pocketing of the outer lamellae of the nuclear envelope (Fig. 5) . Kwatta particles were also found in interstitial spaces and in vacuoles. Navarro virus particles in infected Vero cells were primarily located in interstitial spaces.
Examination of sectioned mouse brain infected with Mossuril virus showed typical rhabdovirus particles budding from the cell membrane (Fig. 6) , in interstitial spaces and occasionally within the cytoplasm. Mature particles ranged in length from 225 to 3o6 nm and in diam. from 45 to 72 nm, with periodicity of striations approx. 6 nm. A cross-sectioned particle showed a trilaminar outer membrane studded irregularly with projections. An electron-dense layer within this membrane was bounded by a very dense inner edge. A less electron-dense core surrounded a dense centre attached to the very dense border by apparent filament connections. The filament connections were observed frequently within crosssectioned particles (Fig. 7) . Fig. 6 . Ultrathin section of Mossuril virus-infected mouse brain. A virus particle budding from the cell membrane. Mossuril virus is wider than the other two rhabdoviruses and has a smoother surface membrane. Fig. 7 . Cross-section of a Mossuril virus particle presenting prominent filament connections from the dense centre of the core to the inner electron dense border (arrow).
Reference antigens for the three viruses were tested by complement-fixation against immune ascitic fluids for the following animal rhabdoviruses: vesicular stomatitis (Indiana and New Jersey), Piry, Cocal, Flanders, Hart Park, Kern Canyon, Chandipura, rabies, Klamath, Mokola, Sud Ar I 154-64 (Obodhiang)*, kontonkan, Mt. Elgon bat, Lagos bat, I6235,* bovine emphemeral fever, Aus M K 7937 (Joinjakaka),* Kwatta, Navarro, and Mossuril. Immune ascitic fluids for the three viruses were also tested against antigens for the above animal rhabdoviruses. All the immune ascitic fluids showed homologous fixation titres of 1:64 to more than 1:256, except those for kontonkan and Mossuril viruses. These ascitic fluids had homologous fixation titres of I : 16 and I : 32, respectively. In complementfixation tests Kwatta, Navarro and Mossuril viruses showed no relationship to each other or to other rhabdoviruses.
Kwatta virus is antigenically related to a virus isolated from Brazil (BeAn 157575) and the two constitute the Kwatta virus serogroup (J. P. Woodall, personal communication). * These virus designations have not appeared formally in publication and mention here does not constitute priority.
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We have confirmed relationship in complement-fixation of Mossuril virus to Kamese virus (MP 6186), isolated in Uganda from Culex (culex) annulioris mosquitoes (Henderson et al. I967 ). Although we have not examined these related viruses by electron microscopy, it is likely that antigenic relatives would have similar morphology. Table I presents mean length measurements of some animal rhabdoviruses, including those for Kwatta, Navarro and Mossuril viruses. Our mean length measurements for these viruses are estimates only, since small numbers of particles were measured (26 for Kwatta, 25 for Navarro and ~ 6 for Mossuril virus). Mossuril virus particles were measured in thin section of mouse brain, whereas Navarro and Kwatta virus particles were measured in thin sections of both mouse brain and Vero cells. Particles with both ends clearly in the plane of section were measured. The lengths of Navarro, Kwatta and Mossuril virus particles (246 to 262 nm) exceed those described for Flanders, Hart Park or Mount Elgon bat viruses (218 to 230 nm).
